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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 5 

[0001] The present invention relates to a method and 
device for controlling electrical switchgear. More partic- 
ularly, the invention relates to a method and device for 
controlling a switchgear utilizing a voice coil actuator to 10 
rapidly and positively open and close a current interrupt- 
er. 

2. Description of Related Art: 

15 

[0002] In a power distribution system, switchgear may 
be incorporated into the system for a number of reasons, 
such as to provide automatic protection in response to 
abnormal load conditions or to permit opening and clos- 
ing of sections of the system. Various types of switch- 20 
gear include a switch for deliberately opening and clos- 
ing a power transmission line, such as a line to a capac- 
itor bank; a fault interrupter for automatically opening a 
tine upon the detection of a fault; and a recloser which, 
upon the detection of a fault, opens and closes rapidly 25 
a predetermined number of times until either the fault 
clears or the recloser locks in an open position. 
[0003] Vacuum interrupters have been widely em- 
ployed in the art because they provide fast, low energy 
arc interruption with long contact life, low mechanical 30 
stress and a high degree of operating safety. In a vacu- 
um interrupter the contacts are sealed in a vacuum en- 
closure. One of the contacts is a moveable contact hav- 
ing an operating member extending through a vacuum 
seal in the enclosure. 35 

SUMMARY AND OBJECTS 

[0004] One of the objects of the present invention is 
to provide a switchgear actuator mechanism and control 40 
therefore that minimizes arcing and generated tran- 
sients during opening and closing. 
[0005] Another object of the present invention is to 
provide a switchgear actuator mechanism and control 
therefore that provides accurate monitoring of the sys- 45 
tern. 

[0006] Another object of the present invention is to 
provide a switchgear actuator mechanism capable of a 
range of motion profiles, thereby eliminating the need 
for many types of mechanical systems. so 
[0007] Another object of the present invention is to 
provide a switchgear actuator mechanism capable of 
being controlled by any commercially available motor 
control circuitry or dedicated motion control circuitry. 
[0008] Still another object of the present invention is 55 
to provide a switchgear actuator mechanism capable of 
procuring speeds and forces not readily achievable with 
prior art mechanical systems. 



[0009] Still another object of the present invention is 
to provide an improved synchronously operating switch- 
gear that results in a significant reduction in transients 
generated during the switching operation. 
[0010] Generally, switchgear incorporating vacuum 
interrupters have utilized various spring loaded mecha- 
nisms which are connected to an operating member to 
positively open or close the interrupter contacts. One 
such device which is commonly used is the simple tog- 
gle linkage. The primary function of these mechanisms 
is to minimize arcing by very rapidly driving the contacts 
into their open or closed positions. Various applications 
may require the use of a number of spring loaded mech- 
anisms with associated latches and linkages. 
[0011] In order to prime these mechanical systems, 
either by compressiopn or extension of the drive spring, 
an actuator is normally provided. These actuators can 
include, but are not limited to, solenoids, motors or hy- 
draulic devices. In comparison to the inherent speed re- 
quirements of the interrupter to effectively interrupt cur- 
rent, these actuators are relatively slow with poor re- 
sponse times. For this reason they are not normally 
used to directly drive the interrupter contacts but are uti- 
lized to prime the fast acting spring mechanisms. The 
prime disadvantage of this system is that the spring driv- 
en operation does not lend itself to being easily control- 
lable and it requires considerable engineering effort to 
finely adjust the mechanism's performance. 
[0012] In practice, this means that many different 
mechanisms must be designed to accommodate the dif- 
ferent operating requirements for switches, fault inter- 
rupters and reclosers and within each one of these 
switchgear classes, there are different mechanisms re- 
quired depending on the application, including voltage 
and current requirements. 

[0013] Furthermore, in view of the high voltages that 
are typically used in power applications, rapid and ac- 
curate movement of the interrupter contacts is desired 
to minimize arcing between the contacts and the gener- 
ation of transients. Depending upon the application, 
whether it is capacitor bank switching or fault interrup- 
tion, it can be determined by those skilled in the art when 
the most advantageous time to open or close the inter- 
rupter contact occurs. This optimum time correlates to 
a precise point on the voltage or current wave where 
current interruption or contact make would produce min- 
imal arcing and transients. Since conventional spring 
driven mechanisms do not lend themselves to this de- 
gree of fine control, this invention offers a viable means 
to achieve point-on-wave or synchronous switching. 
Such synchronous operation of the interrupter is bene- 
ficial both in terms of the reduced wear on the interrupter 
contacts and the significant reduction in general tran- 
sients experienced by the power system downstream of 
the switchgear unit. 

[001 4] A further feature of a controlled, synchronously 
operating switchgear unit is that the velocity at which the 
contacts close can be controlled. In conventional sys- 
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vs. time and the dielectric descent of the interrupter; 
FIG. 7 is a schematic view of a circuit that may be 
used with the present invention; 
FIG. 8 is a graph illustrating a motion profile that 
5 may be used with the present invention; 

FIG. 9 is an illustration of a voice coil actuator that 
may be used with the present invention; 
FIG. 10 is a view of a latching mechanism that may 
be used with the present invention; 
10 FIG. 11 is a view of a contact pressure spring mech- 
anism that may be used with the present invention; 
FIG. 12 is a graph illustrating the synchronous tim- 
ing of an opening operation of a capacitor switch. 

15 DETAILED DESCRIPTION OF THE INVENTION 



terns, the contacts are driven together in an uncontrolled 
fashion at very high velocity anti it is possible that the 
contracts will bounce open a number of times before 
coming to rest. This bounce phenomenon is undesirable 
because the ensuing arcing can soften the contacts and 
create strong welds when the contacts finally mate. 
[001 5] DE-A-2601799 on which the preamble of claim 
1 is based, and EP-A-0528357 both disclose current in- 
terrupters with movable contacts driven by an actuator 
controlled by a control system. 

[001 6] In accordance with the present invention, there 
is provided a current interrupter comprising: 

a current interrupting device having at least one 
movable contact; and an actuator coupled to the 
movable contact of the current interrupter; charac- 
terised by: 

a feedback sensor for monitoring a position of 
the actuator during an actuation cycle; 20 
a sensor for sensing a waveform of a voltage 
in a line to be switched and providing informa- 
tion concerning the voltage waveform; and 
a control system coupled to the feedback sen- 
sor so as to receive information from the feed- 25 
back sensor concerning the position of the ac- 
tuator during the actuation cycle and coupled 
to the sensor so as to receive information from 
the sensor concerning the voltage waveform, 
the control system controlling movement of the 30 
actuator during the actuation cycle based on 
the information from the feedback sensor and 
the information from the sensor so as to inter- 
rupt or establish current in the line to be 
switched at a desired location on the voltage 35 
waveform. 

[0017] A corresponding method is also provided. 
[001 8] The foregoing features and advantages of the 
present invention will be apparent from the following 40 
more particular description of the invention. The accom- 
pany drawings, listed herein below, are useful in explain- 
ing the invention. 

[0019] In the text which follows, the invention is ex- 
plained with reference to illustrative embodiments, in 45 
which: 

FIG. 1 shows a schematic diagram of switchgear 
employing a voice coil actuator; 

FIG. 2 shows a cross-sectional view of one embod- so 
iment of a switchgear; 

FIG. 3 is a cross-sectional view of the vacuum mod- 
ule shown in FIG. 2; 

FIG. 4 shows an enlarged view of the operating 
mechanism of the embodiment displayed in FIG. 2; 55 
FIG. 5 shows an exploded view of the primary com- 
ponents of the operating mechanism; 
FIG. 6 shows a graph illustrating the system voltage 



[0020] For a better understanding of the invention, ref- 
erence may be made to the following detailed descrip- 
tion taken in conjunction with the accompanying draw- 
ings, wherein preferred exemplary embodiments of the 
present invention are illustrated and described. Each 
reference number is consistent throughout all of the 
drawings. 

[0021] In FIG. 1, an incoming power line 2 is coupled 
in series with a current interrupter 4, thereby allowing 
the current interrupter 4 to open the line. The line 2 may 
be opened upon a predetermined command or, in the 
case of a fault interrupter, if a fault exceeds a predeter- 
mined threshold level. One of the contacts of the current 
interrupter 4 is connected to one end of an operating rod 
6. The other end of the operating rod 6 is operatively 
coupled to an actuator, such as a voice coil actuator 8. 
The voice coil actuator 8 directly acts upon the operating 
rod 6 in order to open or close the contacts of the current 
interrupter 4. 

[0022] The voice coil actuator 8 is a direct drive, lim- 
ited motion device that uses a magnetic field and a coil 
winding 1 0, to produce a force proportional to the current 
applied to the coil. The electromechanical conversion of 
the voice coil actuator 8 is governed by the Lorentz 
Force Principle, which states that if a current-carrying 
conductor is placed in a magnetic field, a force will act 
upon it. The magnitude of the force is determined by the 
equation: 

F = kBLIN 

where F equals force, k is a constant, B is the magnetic 
flux density, L is the length of the conductor, I is the cur- 
rent in the conductor, and N is the number of turns of 
the conductor. 

[0023] The current passing through the voice coil 
winding 10 is controlled by a control mechanism 12. Any 
commercially available control mechanism 12 could be 
utilized. For example, suitable control mechanisms 12 
include: single loop controllers, programmable logic 
controllers, or distributed control systems. The control 
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mechanism 12 may be coupled to a feedback device 14, 
which provides input regarding the position of the oper- 
ating rod 6. 

[0024] The control mechanism 12 may also be cou- 
pled to a latching device 16. When instructed to secure 
the operating rod 6 by the control mechanism 12, the 
latching device 16 fastens the operating rod 6 in its cur- 
rent position. In an alternative device, the latching mech- 
anism 16 may be a permanent magnet or mechanical 
latch that is not coupled to the control device 12. 
[0025] In FIG. 2, a cross-sectional view of one of the 
embodiments of the invention is shown. A one piece, 
elongated, solidly insulated encapsulation 18 encloses 
the operating rod 6 and the current interrupter 4. The 
encapsulation 18 may be formed out of ceramic, porce- 
lain, any suitable epoxy, or any other appropriate solid 
insulating material. A line side high voltage electrical ter- 
minal 22 and a load side high voltage electrical terminal 
20 protrude through the solidly insulated enclosure 18, 
and are coupled to the current interrupter 4. The high 
voltage electrical terminals 20 and 22 are diametrically 
disposed, 180 degrees apart, and are parallel with re- 
spect to one another. The encapsulation 18 provides 
both the solid insulation between the high voltage elec- 
trical terminals 20 and 22 and the solid insulation be- 
tween each high voltage electrical terminal 20 and 22 
and electrical ground (not shown). 
[0026] The current interrupter 4 includes a vacuum 
module or bottle 24, shown in cross section in FIG. 3, 
with a pair of switch contacts 71 , 72 disposed within the 
vacuum module 24. The vacuum module 24 provides a 
housing and an evacuated environment for the opera- 
tion of the pair of switch contacts. The module 24 is usu- 
ally constructed from an elongated, generally tubular, 
evacuated, ceramic casing 73, preferably formed from 
alumina. One of the switch contacts 71 is movable, and 
the other switch contact 72 is stationary or fixed. 
[0027] A special fitting 76 is attached to the stem of 
the stationary contact 72, permitting the associated high 
voltage electrical terminal 22 to exit at a 90° angle. 
[0028] The movable switch contact 71 is fastened to 
the uppermost, longitudinal end of the operating rod 6. 
One method of fastening is to use a stud 32 threaded 
into a tapped connection 74 in the moving stem 75 of 
the movable contact 71. When the switch contacts are 
in the closed position as shown, a low resistance or short 
circuit electrical path is created between the high volt- 
age electrical terminals 20 and 22. The current interrupt- 
er 4 further includes a current exchange assembly and 
an interface 26 between the vacuum module 24 and the 
current exchange assembly. The current exchange as- 
sembly contains a moving piston 28 and a fixed outer 
housing 30. In this embodiment, the operating rod 6 is 
made from an electrically insulated material. 
[0029] The other end of the operating rod 6 is secured 
to a flange 34 on the voice coil actuator 8 by a rigid pin 
36. The pin 36 which retains the foregoing components 
in position, can be secured by any suitable means, such 



as a pair of retaining rings. A recirculating linear ball 
bearing 38 and split rings 40, which hold the ball bearing, 
provide smooth movement of the operating rod 6. The 
voice coil winding 10 is disposed between the outer 

s body of the voice coil actuator 8 and the flange 34. Side 
flanges 42 are attached to the outer body of the voice 
coil actuator 8, and connect to side brackets 44, thereby 
securely fastening the voice coil actuator 8 to a protec- 
tive case 46. The protective case 46 is attached to a lid 

10 50 for the protective case 46 via housing flanges 48, and 
the protective case lid 50 is connected to the solid insu- 
lation enclosure 18 via lid flanges 52. Just as the solid 
insulated encapsulation 18, the protective case 46 is al- 
so formed out of ceramic, porcelain, any suitable epoxy, 

15 or any other appropriate solid insulating material. 

[0030] In this embodiment the feedback device 14 is 
a position sensor, such as a linear potentiometer 14. The 
linear potentiometer 14 can be made from a three-ter- 
minal rheostat or a resistor with one or more adjustable 

20 sliding contacts, thereby functioning as an adjustable 
voltage divider. The linear potentiometer 14 provides in- 
formation regarding the position of the operating rod 6 
to the control mechanism 1 2, which controls the voice 
coil actuator 8. Alternatively, the feedback device 14 

25 may be an optical encoder. 

[0031] The latching device 16 is intended to secure 
the operating rod 6. The latching device may be a con- 
trollable device, such as an electromagnet, or a simple 
mechanical or permanent magnet latch including: a 

30 latching magnet 54, a spacer 56 made from nonferrous 
material, a bolt 58 securing the latching magnet 54 to 
the protective case lid 50, a latch plate 60 made from 
steel or iron, and a latch plate pin 62 securing the latch 
plate 60 to the operating rod 6. 

35 [0032] In order to more fully understand the invention, 
reference may be had to FIGS. 4 and 5. FIG. 4 shows 
an enlarged view of the operating mechanism of the pre- 
ferred embodiment displayed in FIG. 2, and FIG. 5 
shows an exploded view of the primary components of 

40 the operating mechanism. 

[0033] Details concerning the control mechanism of 
the present invention will now be described. 
[0034] FIG. 6 illustrates a voltage signal 100 plotted 
on a graph comparing the voltage level v(t) versus time 

45 t. In a 60 Hz application, each half cycle is ideally 8.33 
ms. However, actual cycles may vary due to harmonics 
or assymetric conditions so that a given half cycle may 
be greater than or less than 8.33 ms. 
[0035] In order to minimize arcing and the generation 

so of transients in a capacitor switch application, the con- 
tacts of the interrupter are ideally closed instantaneous- 
ly at the null points when v(t) equals zero. See point A 
in FIG. 6. However, since the contacts cannot close in- 
stantaneously, the timing of the initiation of the opening 

55 and closing sequences should be carefully controlled in 
order to minimize transients and arcing. 
[0036] A preferred embodiment of a control circuit 200 
for use with the present invention is illustrated in FIG. 7. 
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At the heart of the control circuit 200 is a microprocessor 
202 that is suitable for use in a broad temperature range. 
[0037] The voltage waveform of the power line being 
controlled by the interrupter 4 is analyzed with a voltage 
waveform analyzer 204 f a phase lock loop circuit 206, 5 
and a V 2ero crossing detection circuit 208. Information 
concerning the voltage waveform of the line to be inter- 
rupted, including the timing of null points A wherein the 
voltage v(t) is zero, is input to the microprocessor 202. 
Alternatively, a voltage waveform analyzer 204 could be 10 
used that measures the voltage waveform directly off 
the line without the phase lock loop circuit 206. 
[0038] Open and close commands are input to the mi- 
croprocessor 202 via inputs 210 and 212, respectively. 
The open and close commands may be created manu- *5 
ally, may be initiated at preset times by a clock, may be 
initiated by an external control, or may be triggered by 
the detection of a fault, depending on the particular ap- 
plication of the interrupter 4. 

[0039] A reset signal 214 may be input to the micro- 20 
processor 202 to manually reset the microprocessor 
202 when necessary. For example, if the interrupter 4 is 
manually manipulated, the microprocessor 202 may not 
be set to the current status of the interrupter 4. In such 
a situation, the microprocessor 202 should be reset. 25 
[0040] Status indicators may be provided to indicate 
various conditions of the circuit 200 or the interrupter 4. 
Such indicators may include a maintenance light 216 to 
indicate when maintenance is required, a power on light 
218, a switch open indicator 220, a switch closed indi- 
cator 222, and a counter 224 that may be used to count 
cycles or operations of the system. 
[0041] A preferred embodiment of the present inven- 
tion may include two control systems. A first control sys- 
tem is conventional, and thus not disclosed herein in de- 
tail, and determines when the lire controlled by the in- 
terrupter 4 is to be opened or closed. The first control 
system may include a fault detector or a timer for inter- 
rupting the line upon the detection of a fault, or at a pre- 
determined time. 

Alternatively, an open or close command may be input 
directly to the system. The open and close commands, 
whether originating from the first control system or man- 
ually, are input to the microprocessor 202 at inputs 210 
and 212, respectively. 

[0042] The second control system 200, illustrated in 
FIG. 7, analyzes the voltage waveform of the line and 
determines the best time for initiating opening and clos- 
ing the interrupter 4 in order to minimize transients and 
arcing. 

[0043] Each interrupter 4 has a dielectric strength that 
defines the likelihood of an arc jumping from one contact 
to another. The dielectric strength depends upon a 
number of factors including the medium inside the inter- 
rupter 4 and the distance between the contacts 71, 72. 
FIG. 6 illustrates the changing or descent of the dielec- 
tric strength between the contacts 71 , 72 versus time as 
the distance between the contacts closes. See line C in 



FIG. 6. Ideally, the dielectric strength between the con- 
tacts would be infinite until the exact moment of closing 
of the contacts 71, 72. See line B in FIG. 6. In reality, 
the dielectric slopes downward, reducing quickly as the 
contacts approach each other. See line C in FIG. 6. If 
the slope of the dielectric descent is sufficiently high, 
and the dielectric strength remains greater than the volt- 
age of the waveform, the generation of arcing and tran- 
sients is eliminated or significantly reduced. 
[0044] Another factor to be considered during the op- 
eration of an interrupter is the relative velocity between 
the contacts upon opening and closing. If the contacts 
are moving slowly, the slope of the dielectric descent will 
be low, and arcing will likely occur. Conversely, if the 
contacts are moving too quickly, especially upon clos- 
ing, the contacts will likely bounce off of each other, 
causing unnecessary arcing and transients. According- 
ly, a unique ideal motion profile may exist for each ap- 
plication of an interrupter. FIG. 8 illustrates an example 
of a motion profile, wherein the abscissa represents the 
location of the moving contact 71 and the ordinate rep- 
resents the velocity at which the contact 71 is moving. 
Point 0 on the abscissa represents the starting or max- 
imum open position of the contact 71, and point x rep- 
resents the closed position, wherein the contact 71 is 
touching the stationary contact 72. At point 0, when the 
close command is initiated, the velocity is zero. The ve- 
locity is increased as quickly a possible to a maximum 
velocity V max . The velocity remains at V max for as long 
as possible, but is then reduced as the point of contact 
x approaches in order to minimize bounce. 
[0045] During an opening sequence, the motion pro- 
file is also important to prevent the occurrence of re- 
strikes or re-ignitions shortly after opening. If the con- 
tacts separate at too slow a speed, or at a time when 
the voltage level is too high, excessive arcing may occur. 
Desired motion profiles for opening and closing se- 
quences can be determined by those of skill in the art 
and preprogrammed into the circuit 200. 
[0046] Turning attention to FIG. 12, the timing of the 
opening operation in a capacitor switching application 
may be better understood. FIG. 12 relates to the open- 
ing sequence of a system that includes a capacitor bank. 
Line 4 indicates the voltage level of the fully charged 
capacitors. The switch begins to open at point 2, and an 
arc forms. However, at this point, the current is decaying 
and the arc is extinguished at current zero, point 3. The 
system voltage is now at its peak, but the voltage across 
the contacts is small because of the charge on the ca- 
pacitor bank, which approximates the peak system volt- 
age. As the system voltage begins to drop, the voltage 
on the capacitor bank stays high, resulting in an in- 
crease in the voltage across the contacts. The contacts 
should part with enough acceleration so that the dielec- 
tric rises faster than the escalating voltage between the 
contacts in order to avoid restrikes and re-ignitions. 
[0047] The motion control function can be achieved 
by means of software loaded into the microprocessor/ 
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microcontroller or by the addition of dedicated motion 
control chips which interface with the microprocessor A 
particular motion profile is programmed into a memory, 
which may be a separate EEPROM chip in an external 
motion control circuit 226, or onboard memory on the 
microprocessor or microcontroller. The motion control 
circuit 226 is connected to the feedback device (encod- 
er) 14 and to a pulse width modulation (PWM) circuit 
228. The PWM 228 controls the current that is applied 
to the voice coil actuator 8. Since the force driving the 
voice coil actuator 8 is proportional to the current sup- 
plied to the voice coil actuator 8, the velocity of the ac- 
tuator 6 (and the moving contact 71 ) is controlled by the 
PWM 228. As a result, the voice coil actuator 8 is con- 
trolled by a closed loop feedback system that includes 
the position encoder 14 that sends a position signal of 
the actuator 8 to the motion control circuit 226. The mo- 
tion control circuit 226 compares the actual position of 
the actuator 8 to the ideal motion profile preprogrammed 
into the motion control circuit 226. Based on the com- 
parison of the actual position to the ideal motion profile, 
the voice coil actuator 8 is controlled by the PWM so 
that its motion closely approximates the ideal intended 
motion. 

[0048] Control of the actuator is further modified by 
the circuits 204, 206, 208 that monitor that actual voltage 
waveform of the line to be interrupted. For example, for 
a particular application, it may be determined that the 
contacts 71 , 72 should open or close within 1 ms of the 
zero crossing A (FIG. 6) of the voltage signal v(t). The 
ideal motion profile preprogrammed into the motion con- 
trol circuit 226 includes the total reaction and travel time 
of the actuator 8 from the time an initiating signal is sent 
to the time the contacts 71, 72 close. If the ideal motion 
profile indicates that the reaction and travel time for the 
contacts to close after the initiating signal is 7 ms, the 
microprocessor analyzes the actual voltage waveform 
of the line to be interrupted and determines a specific 
time between null points at which the initiating signal 
should be sent. The circuits 204, 206, 208 first establish 
the actual cycle period and the resulting length of time 
between zero crossings. The control circuit 200 then in- 
itiates operation of the voice coil actuator 8 at a time 
after a zero crossing that is equal to the actual time be- 
tween null crossings minus the reaction and travel time 
of the actuator 8. Accordingly, if the actual voltage wave- 
form indicates that there are 8.3 ms between zero cross- 
ings and the reaction and travel time is 7 ms, the opening 
sequence is initiated at 1.3 ms after a zero crossing. In 
an alternative embodiment, the system may assume 
that the actual time between zero crossings is 8.33 ms, 
and the initiation is calculated based on that assump- 
tion. 

[0049] In some embodiments of the present invention, 
a plurality of motion profiles can be preprogrammed into 
the circuit 200, and the appropriate motion profile can 
be selected by an input from the operator. 
[0050] Once the sequence is initiated, the actual mo- 



tion of the actuator 8 is monitored by the encoder 1 4 and 
compared against the ideal motion profile. The current 
applied to the actuator 8 is adjusted by the PWM 228 
based on the comparison of the actual movement of the 

5 actuator 8 to the ideal motion profile. 

[0051] FIG. 9 illustrates another embodiment of a 
voice coil actuator 308 that may be used with any of the 
embodiments of the present invention. The voice coil ac- 
tuator 308 includes a ring shaped magnet 310, which is 

10 preferably a 4 MGO ceramic magnet. The magnet 310 
is housed with a bottom pole piece 312 and a top pole 
piece 314. These pole pieces are formed from ferromag- 
netic materials, such as iron or steel. The pole pieces 
312, 314 include a central aperture 316 through which 

15 an operating rod 318 extends. The operating rod 318 is 
supported in the pole pieces 312, 314 with self-lubricat- 
ing polymer bearings 320, such as IGUS™ bearings 
320. 

[0052] An aluminum plate 328 is fixed to the rod 318. 

20 At a peripheral edge of the plate 328, a coil 330 extends 
from the plate 328 into an air groove 332 formed be- 
tween the bottom pole piece 312 and the magnet 310. 
The coil 330 may be formed from flattened wire so as to 
maximize the number of turns that will fit within the air 

25 groove 332. 

[0053] The actuator 308 may be driven by a 24 volt 
battery, or any other suitable power source, including an 
autoranging AC to DC converter. 
[0054] In order to latch the device in a particular po- 

30 sition, the operating rod 318 may include a groove 320 
within which is located a ball 322. See FIG. 10. A spring 
324 and cap 326 urge the ball 322 into the groove 320 
to retain the rod 31 8 in a fixed position. The rod 31 8 may 
be freed from the ball 322 upon the application of a force, 

35 the level of which depends on the strength of the spring 
324. 

[0055] In order to ensure a good connection between 
the contacts 71, 72, a spring 340, or other force, may 
be applied to the rod 6 (or 318) to urge the contact 71 
<o against the contact 72 with a predetermined force, such 
as 60-100 pounds. The spring may be compressed by 
the action of the actuator. Turning attention to Fig. 11, 
the operating rod 6, 318 may include a flange 342 that 
provides a surface against which the spring 340 press- 
es es. Another abutment surface 344 may be provided to 
support the opposite end of the spring 340. 
[0056] The spring 340 provides the additional benefit 
of maintaining an adequate force between the two con- 
tacts 71, 72. For example, after repeated operations, 
so arcing may cause the contacts to wear. Because of the 
spring force, the two contacts are urged against each 
other, even if they have become worn. In addition, the 
application of the force causes a reduction in the elec- 
trical resistance between the contacts in the closed po- 
55 sition, thereby reducing heat losses. 

[0057] If the contacts become worn, the operating rod 
6, 318 will move a greater distance in order to accom- 
modate the wear. Since the position sensor 14 senses 
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4. The current interrupter (4) of claim 1 , wherein the 
feedback sensor (14) is a linear potentiometer. 

5. The current interrupter (4) of claim 1, wherein the 
s current interrupting device is a vacuum interrupter. 

6. The current interrupter (4) of claim 1, further com- 
prising a spring biasing the current interrupting de- 
vice in a closed position. 

10 

7. The current interrupter (4) of claim 1, further com- 
prising a latch (16) for restraining the movement of 
the actuator. 



11 

the distance moved by the operating rod 6,318, the sys- 
tem can be programmed to illuminate the maintenance 
signal 216, or some other indicator, to indicate that ex- 
cessive wear has occurred on the contacts 71, 72. The 
system can also modify its motion profile to allow for 
such incremental increases in stroke. 
[0058] Although only preferred embodiments are spe- 
cifically illustrated and described herein, it will be appre- 
ciated that many modifications and variations of the 
present invention are possible in light of the above 
teachings and within the purview of the appended 
claims without departing from the scope of the invention. 



Claims 

1 . A current interrupter (4) comprising: 

a current interrupting device having at least one 
movable contact (6); and an actuator (8) cou- 
pled to the movable contact of the current inter- 
rupter; characterised by: 

a feedback sensor (14) for monitoring a po- 
sition of the actuator during an actuation 
cycle; 

a sensor for sensing a waveform of a volt- 
age in a line to be switched and providing 
information concerning the voltage wave- 
form; and 

a control system (12) coupled to the feed- 
back sensor so as to receive information 
from the feedback sensor concerning the 
position of the actuator during the actuation 
cycle and coupled to the sensor so as to 
receive information from the sensor con- 
cerning the voltage waveform, the control 
system controlling movement of the actua- 
tor during the actuation cycle based on the 
information from the feedback sensor and 
the information from the sensor so as to in- 
terrupt or establish current in the line to be 
switched at a desired location on the volt- 
age waveform. 

2. The current interrupter (4) of claim 1, further com- 
prising: 

means (200) for storing a desired motion profile 
of the actuator (8); and 

means (200) for comparing the movement of 
the actuator with the desired motion profile and 
controlling movement of the actuator based al- 
so on a comparison of the movement of the ac- 
tuator with the desired motion profile. 

3. The current interrupter (4) of claim 1, wherein the 
actuator is a voice coil actuator (8). 



*5 8. The current interrupter (4) of claim 1, wherein the 
actuator (8) is a voice coil actuator (8); the feedback 
sensor (14) is a linear potentiometer (14); the cur- 
rent interrupting device is a vacuum interrupter; and 
further comprising a spring biasing (340) the 

20 current interrupting device in a closed position and 
a latch (16) for restraining the movement of the ac- 
tuator. 

9. The current interrupter of claim 1, further compris- 
25 jng: 

a sensor for sensing a waveform of a current in 
a line to be switched and providing information 
concerning the current waveform to the control 
30 system; 

wherein the control system controls the move- 
ment of the actuator based also on the information 
concerning the current waveform. 

35 

10. A method of controlling a current interrupter (4) hav- 
ing an actuator (8) comprising the steps of: 

monitoring a position of the actuator with a 
40 feedback sensor (14) during an actuation se- 

quence; 

providing a result of the position monitoring dur- 
ing the actuation sequence to a control system 
(12) for controlling movement of the actuator; 
45 sensing a voltage waveform in a line to be in- 

terrupted during the actuation sequence; and 
providing a result of the voltage waveform 
sensing to the control system during the actu- 
ation sequence; and 
50 controlling the movement of the actuator during 

the actuation sequence with the control system 
based on the result of the position monitoring 
and the result of the voltage waveform sensing 
provided to the control system so as to interrupt 
55 or establish current in the line to be switched at 

a desired location on the voltage waveform. 

11. The method of claim 10, further comprising the 
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steps of: 

storing a desired motion profile of the actuator 
movement; 

comparing the monitoring result with the de- 5 
sired motion profile; and 
further controlling the actuator movement 
based also on the comparing step. 

12. The method of claim 10, further comprising the 10 
steps of: 



sensing a current waveform in a line to be in- 
terrupted; 

providing a result of the current waveform sens- 
ing to the control system (12) and further con- 
trolling the movement of the actuator (8) with 
the control system based also on the current 
waveform sensing result provided to the control 
system. 



Patentanspruche 

1 . Stromunterbrecher (4), der umfasst: 

eine Strom unterbrechungsvorrichtung mit we- 
nigstens einem beweglichen Kontakt (6) und 
ein Betatigungselement (8), das mit dem be- 
weglichen Kontakt des Stromunterbrechers 
verbunden ist; gekennzeichnet durch: 

einen Ruckkopplungssensor (14), der eine 
Position des Betatigungselementes wah- 
rend eines Betatigungszyklus uberwacht; 

einen Sensor, der eine Wellenform einer 
Spannung in einer zu schaltenden Leitung 
erfasst und Informationen hinsichtlich der 
Spannungswellenform liefert; und 

ein Steuerungssystem (12), das mit dem 
Ruckkopplungssensor verbunden ist und 
Informationen von dem Ruckkopplungs- 
sensor bezuglich der Position des Betati- 
gungselementes wahrend des Betati- 
gungszyklus empfangt und mit dem Sen- 
sor verbunden ist und Informationen von 
dem Sensor bezuglich der Spannungswel- 
lenform empfangt, wobei das Steuerungs- 
system Bewegung des Betatigungsele- 
mentes wahrend des Betatigungszyklus 
auf der Grundlage der Informationen von 
dem Ruckkopplungssensor und der Infor- 
mationen von dem Sensor steuert und 
Strom in der zu schaltenden Leitung an ei- 
ner gewunschten Position an der Span- 
nungswellenform spent oder freigibt. 
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Stromunterbrecher (4) nach Anspruch 1, der des 
Weiteren umfasst: 

eine Einrichtung (200), die ein gewunschtes 
Bewegungsprofil des Betatigungselementes 
(8) speichert; und 

eine Einrichtung (200), die die Bewegung des 
Betatigungselementes mit dem gewunschten 
Bewegungsprofil vergleicht und Bewegung des 
Betatigungselementes auch auf der Grundlage 
eines Vergleichs der Bewegung des Betati- 
gungselementes mit dem gewunschten Bewe- 
gungsprofil steuert 

Stromunterbrecher (4) nach Anspruch 1 , wobei das 
Betatigungselement ein Schwingspulen-Betati- 
gungselement (8) ist. 

Stromunterbrecher (4) nach Anspruch 1 , wobei der 
Ruckkopplungssensor (14) ein lineares Potentio- 
meter ist. 

Stromunterbrecher (4) nach Anspruch 1 , wobei die 
Stromunterbrechungsvorrichtung ein Vakuum-Un- 
terbrecher ist. 

Stromunterbrecher (4) nach Anspruch 1, der des 
Weiteren eine Feder umfasst, die die Stromunter- 
brechurigsvorrichtung in eine geschlossene Positi- 
on spannt. 

Stromunterbrecher (4) nach Anspruch 1 , der des 
Weiteren eine Arretierung (16) umfasst, die die Be- 
wegung des Betatigungselementes einschrankt. 

Stromunterbrecher (4) nach Anspruch 1 , wobei das 
Betatigungselement (8) ein Schwingspulen-Betati- 
gungselement (8) ist; der Ruckkopplungssensor 
(14) ein lineares Potentiometer (14) ist, die Strom- 
unterbrechungsvorrichtung ein Vakuum-Unterbre- 
cher ist; und 

des Weiteren eine Feder (340), die die Stromunter- 
brechungsvorrichtung in eine geschlossene Positi- 
on spannt, und eine Arretierung (16) umfasst, die 
die Bewegung des Betatigungselementes ein- 
schrankt. 

Stromunterbrecher (4) nach Anspruch 1, der des 
Weiteren umfasst: 

einen Sensor, der eine Wellenform eines 
Stroms in einer zu schaltenden Leitung erfasst 
und Informationen bezuglich der Stromwellen- 
form zu dem Steuerungssystem liefert; 

wobei das Steuerungssystem die Bewegung des 
Betatigungselementes des Weiteren auf der Grund- 
lage der Informationen bezuglich der Stromwellen- 
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form steuert 

10. Verfahren zum Steuern eines Stromunterbrechers 
(4) mit einem Betatigungselement (8), das die fol- 
genden Schritte umfasst: s 

Oberwachen einer Position des Betatigungs- 
elementes mit einem Ruckkopplungssensor 
(14) wahrend eines Betatigungsvorgangs; 

Liefern eines Ergebnisses der Positionsuber- 
wachung wahrend des Betatigungsvorgangs 
zu einem Steuerungssystem (12) zum Steuern 
der Bewegung des Betatigungselementes; 

75 

Erfassen einer Spannungswellenform in einer 
zu unterbrechenden Leitung wahrend des Be- 
tatigungsvorganges; und 

Liefern eines Ergebnisses der Erfassung der 20 
Spannungswellenform zu dem Steuerungssy- 
stem wahrend des Betatigungsvorgangs; und 

Steuern der Bewegung des Betatigungsele- 
mentes wahrend des Betatigungsvorgangs mit 25 
dem Steuerungssystem auf der Grundlage des 
Ergebnisses der Positionsuberwachung und 
des Ergebnisses der Erfassung der Span- 
nungswellenform, die zu dem Steuerungssy- 
stem geliefert werden, urn Strom in der zu 30 
schaltenden Leitung an einer gewunschten Po- 
sition an der Spannungswellenform zu sperren 
oder zu freizugeben. 

11. Verfahren nach Anspruch 10, das des Weiteren die 35 
folgenden Schritte umfasst: 

Speichern eines gewunschten Bewegungspro- 
fils der Bewegung des Betatigungselementes; 

40 

Vergleichen des Uberwachungsergebnisses 
mit dem gewunschten Bewegungsprofil; und 

weiterhin Steuern der Bewegung des Betati- 
gungselementes auch auf der Grundlage des 45 
Vergleichsschritts. 

12. Verfahren nach Anspruch 10, das des Weiteren die 
folgenden Schritte umfasst: 

50 

Erfassen einer Stromwellenform in einer zu un- 
terbrechenden Leitung; 

Leiten eines Ergebnisses der Erfassung der 
Stromwellenform zu dem Steuerungssystem 55 
(12) und weiterhin Steuern der Bewegung des 
Betatigungselementes (8) mit dem Steue- 
rungssystem auch auf der Grundlage des Er- 



gebnisses der Erfassung der Stromwellenform, 
das zu dem Steuerungssystem geliefert wird. 



Revendi cations 

1. Un interrupteur de courant (4) comprenant : 

un dispositif d'interruption de courant ayant au 
moins un contact mobile (6) ; et un actionneur 
(8) couple au contact mobile de Tinterrupteur 
de courant ; caracterise par : 

un capteur de reaction (14) pour surveiller 
la position de I'actionneur durant un cycle 
d 'action nement ; 

un capteur, pour apprehender la forme 
d'onde d'une tension dans une ligne a com- 
muter et fournir une information concer- 
nant la forme d'onde de la tension ; et 
un systeme de commande (12) couple au 
capteur de reaction de maniere a recevoir 
de Tinformation depuis le capteur de reac- 
tion, concernant la position de I'actionneur 
durant le cycle d'actionnement et couple au 
capteur de maniere a recevoir une informa- 
tion depuis le capteur, concernant la forme 
d'onde de la tension, le systeme de com- 
mande controlant le deplacement de I'ac- 
tionneur durant le cycle d'actionnement, 
d'apres Tinformation venant du capteur de 
reaction et ('information venant du capteur, 
de maniere a interrompre ou etablir le cou- 
rant dans la ligne a commuter, a un empla- 
cement souhaite sur la forme d'onde de 
tension. 

2. L'interrupteur de courant (4) selon la revendication 
1 , comprenant en outre : 

des moyens (200) pour memoriser un profil de 
deplacement souhaite de Taction neur (8) ; et 
des moyens (200) pour comparer le deplace- 
ment de I'actionneur au profil de deplacement 
souhaite et pour controler le deplacement de 
I'actionneur d'apres une comparaison entre le 
deplacement de I'actionneur et le profil de de- 
placement souhaite. 

3. L'interrupteur de courant (4) selon la revendication 
1, dans lequel I'actionneur est un actionneur a bo- 
bine mobile (8). 

4. L'interrupteur de courant (4) selon la revendication 
1 , dans lequel le capteur de reaction (14) est un po- 
tentiometre lineaire. 

5. L'interrupteur de courant (4) selon la revendication 
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1 , dans lequel le dispositif d'interruption de courant 
est un interrupteur a vide. 

6. L'interrupteur de courant (4) selon la revendication 

1 , comprenant en outre un ressort, placant te dis- 5 
positif d'interruption de courant a fa position fermee. 

7. L'interrupteur de courant (4) selon la revendication 
1 , comprenant en outre un verrou (16) pour restrein- 
dre le deplacement de I'actionneur. 10 

8. L'interrupteur de courant (4) selon la revendication 
1, dans lequel I'actionneur (8) est un actionneur a 
bobine mobile (8) ; le capteur de reaction (14) est 

un potentiometre lineaire (14 ); le dispositif d'inter- 15 
ruption de courant est un interrupteur a vide ; et 

comprenant en outre un ressort, deplacant 
(340) le dispositif d'interruption de courant en posi- 
tion fermee et un verrou (16) restreignant te depla- 
cement de I'actionneur. 20 

9. L'interrupteur de courant (4) selon (a revendication 
1 , comprenant en outre : 

un capteur pour apprehender la forme d'onde 25 
d'un courant dans une ligne a commuter et four- 
nir de rinformation concemant la forme d'onde 
du courant, au systeme de commande ; 
dans lequel le systeme de commande com- 
mande le deplacement de I'actionneur egale- 30 
ment base sur rinformation concemant la for- 
me d'onde du courant. 

1 0. Un procede de commande d'un interrupteur de cou- 
rant (4) comprenant un actionneur (8), incluant les 35 
eta pes consistant a : 



courbe d'onde de tension. 

11. Le procede selon la revendication 10, comprenant 
en outre les etapes consistant a : 

stocker un profil de deplacement souhaite du 

deplacement de I'actionneur ; 

comparer le resultat de surveillance au profil de 

deplacement souhaite ; et 

controler en outre le deplacement d'actionne- 

ment d'apres egalement I'etape de comparai- 

son. 

12. Le procede selon la revendication 10, comprenant 
en outre les etapes consistant a : 

apprehender une forme d'onde de courant 
dans une ligne a interrompre ; 
fournir un resultat de la detection de forme d'on- 
de de courant au systeme de commande (12) 
et en outre controler le deplacement de I'action- 
neur (8) avec le systeme de commande base 
egalement sur le resultat de detection de forme 
d'onde de courant foumi au systeme de com- 
mande. 



20 
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surveiller la position de I'actionneur avec un 
capteur de reaction (14) durant une sequence 
d'actionnement ; 40 
fournir un resultat de la surveillance de position 
durant la sequence d'actionnement a un syste- 
me de commande (12) pour controler le depla- 
cement de I'actionneur ; 

apprehender une forme d'onde de tension dans 45 
une ligne a interrompre durant la sequence 
d'actionnement ; et 

fournir un resultat de la detection de forme d'on- 
de de tension au systeme de commande durant 
la sequence d'actionnement ; et 50 
commander le deplacement de I'actionneur du- 
rant la sequence d'actionnement avec le syste- 
me de commande, d'apres le resultat de la sur- 
veillance de position et le resultat de la detec- 
tion de forme d'onde de tension, foumi au sys- 55 
teme de commande de maniere a interrompre 
ou etablir le courant passant dans la ligne a 
commuter, en un emplacement souhaite sur la 
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